Two of five male Sprague-Dawley rats with hepatic tapeworm cysts developed large multinodular fibrosarcomas. Fibrosarcomas enveloped tapeworm cysts, invaded the serosa of multiple organs, and extended through the diaphragm into the pleural cavity. Light microscopy, immunohistochemistry, and electron microscopy supported the diagnosis of fibrosarcoma. The parasites were identified as Cysticercus fasciolaris, the larval stage of Taenia taeniaeforrnis. The development of sarcomas in rats induced by Taenia sp. is thought to be attributable to the chronic inflammatory reaction of the capsule. There are parallels between these and other tumors occurring in mice and cats with suggested chronic inflammatory etiologies.
propriate model for investigating parasite carcinogenesis and the pathogenesis of neoplasia in general.lo Male Sprague-Dawley rats from two shipments of 284 rats received from Charles River Laboratories, Portage, MI, were housed in polycarbonate shoe boxes with hardwood chip litter and water bottles. Five percent quality control necropsies were performed; the remaining animals were quarantined and then assigned to a laboratory animal annex for chronic studies involving physical exercise. The affected rats were submitted for pathologic examinations as soon as weight loss, anorexia, lethargy, or failure to perform were noted. Age range at death was 1.5-2.8 years. Animals were euthanatized with carbon dioxide, and complete necropsies were performed. Tissues were fixed in 10% buffered formalin and processed, and 5-rm sections were stained with hematoxylin and eosin (HE).
At necropsy, Cysticercus cysts were white and approximately 1.5 cm in diameter and minorly involved the hepatic parenchyma. Two rats had two cysts, the remaining three animals had one parasitic focus each. Each cyst was characterized by a variably thick fibrous capsule surrounding one loosely coiled white cestode larvae with flocculent white to opalescent fluid. A viable larva was removed from one of the cysts; the larva was 32 cm long prior to fixation (reported size range, 6-20 C~).~.IO The larva was characterized by an extruded scolex with a long neck (strobila), pseudosegmentations along the length, and a relatively small terminal bladder. Taenia taeniaeforrnis larva are unique in that the scolex is not invaginated into the bladder but attached to it by the ~trobila.~ Two rats (Nos. 3, 4) had large multilobulated firm white neoplastic masses that involved the liver, serosa of the stomach and pancreas, and mesentery of the duodenum and colon. In one of these rats, the tumor extended through the diaphragm into the pleural cavity. In both of these rats, at the center of one of the neoplastic nodules was a cystic space occupied by a larva. The capsule of the cyst was not clearly delineated from its sarcomatous surrounding. In one rat, there were multiple isolated 1-cm nodules in the adjacent liver lobes that were interpreted to be metastases rather than direct extensions of the neoplasm.
Light microscopic examination revealed nonencapsulated, solidly cellular, poorly vascularized tumors with areas composed principally of swirls and bundles of spindle cells. There were low to moderate amounts of extracellular fibrillar collagen. Multifocally, there were areas composed of histiocytoid cells and foci of necrosis. Mitotic figures were common, up to seven per high-power field (Fig. 1 ). The spindle-shaped cells contained moderate amounts of eosinophilic, fibrillar cytoplasm with an oval nucleus, coarsely clumped chromatin, and one or more nucleoli. The histiocytoid cell type contained smaller, darker round nuclei with abundant pale eosinophilic foamy to vacuolar cytoplasm ( Fig. 2 ). Evidence of vascular invasion was noted.
Immunohistochemistry was conducted on 5-pm-thick paraffin-embedded tissue sections. The intermediate filament panel included desmin, vimentin, cytokeratin, alpha smooth muscle actin, and S 100 (Sigma). Using a universal streptavidin-biotin affinity immunostaining kit (Omnitags, Lipshaw), sequential incubations were performed as per the manufacturer's instructions. The neoplastic cells demonstrated a specific staining affinity for vimentin. SlOO and alpha smooth muscle actin reacted specifically for normal rat nerve and arterial muscle, respectively. However, there was no specific uptake of these two antibodies in the tumor mass. The other antibodies tested (desmin and keratin) were not consistent nor specific in staining affinity.
For electron microscopy, tumor samples were taken &om the diaphragm of rat No. 3, postfixed in osmium tetroxide, dehydrated in graded solutions of ethanol, and embedded in LX-112 (Fullium). Thin sections were stained with uranyl acetate and lead citrate. Micrographs taken with a Hitachi HU-12A transmission electron microscope revealed elongated spindle-shaped cells separated by modest amounts of fibrillar collagen (Fig. 3 ). There were numerous cytoplasmic projections, no basal laminae, and a few desmosomelike attachments. The nuclear membrane was infrequently infolded, with peripherally clumped heterochromatin and a single nucleolus. There were moderate numbers of polyribosomes, rough endoplasmic reticulum profiles, and mitochondria. to the definitive host (cat) occurs through the consumption of an infected rodent liver. The cyst wall is digested away, and the scolex attaches to the wall of the small intestine and matures in a few
In the cat, nonspecific signs of chronic enteritis, diarrhea, and weight loss may develop. Diagnosis of the infection in cats can be confirmed by the presence of proglottids or oncospheres in the feces. 5 The routine Cysticercus infection is clinically asymptomatic in the rodent. The growth period of the cyst is greatest the first 20 days after infection. Typically, there are only one or two cysts. In the rodent liver, there is proliferation of fibroblasts, forming a thin, circular collagenous capsule. Sarcoma induction is typically 12-1 5 months postinfe~tion.~.~ Other tumors induced by chronic inflammatory reactions have been reported and include parasites in a variety of host species, trauma-induced ocular sarcomas and vaccinationinduced sarcomas in cats, and experimental subcutaneous plastic vinyl film implantation in mice. 1.3.4,6.8,10 Specific parasites have been linked to neoplasms in humans and in animals (Table 1 ). Spirocerca lupi induces esophageal fibrosarcomas and osteosarcomas in dogs, and Schistosoma mansoni eggs stimulate papilloma formation in the human colon.1o Schistosoma hemotobium is linked to urinary bladder cancer, and Opisthorchis sp. and Clonorchis sp. flukes are related to bile duct carcinoma (cholangiocarcinoma) in h u m a n~.~J Vaccination-induced sarcomas and posttraumatic ocular sarcomas in cats have been d e s~r i b e d .~.~.~ Sarcomas in cats were linked to injection sites commonly used during routine annual vaccinations. Persistence of the inflammatory and immunologic reactions associated with the presence of the aluminum, present in 20% ofrabies vaccines, may predispose the cat to a derangement of its fibrous connective tissue repair response, leading to neoplasia.8 Histologically, there were 46 vaccination-induced sarcomas examined, including 23 fibrosarcomas and 13 malignant fibrous histiocytomas. Four of five sarcomas demonstrated vimentin positivity and three of five were positive for actin, suggesting that the feline sarcomas may arise from fibroblasts, myofibroblasts, or undifferentiated mesenchymal cells.6 Similar reports have demonstrated a relationship in cats of ocular trauma and subsequent lenticular disease with latent development of sarcomas in the orbit.3 Of 13 eyes evaluated, there were eight fibrosarcomas including three with nonneoplastic osteoid, three anaplastic sarcomas, and two osteosarcomas. Lenticular capsular rupture with phacolysis would be expected to contribute to a chronic low-grade inflammatory disease. The persistent inflammatory and immunologic reactions to adjuvants (cats), lens components (cats), and parasite components (cats, rats, humans, dogs) induce continued proliferation of resident mesenchymal cells that appears, in some cases, to lead to neoplastic transformation of these cells. However, trauma as a risk factor in the development of ocular neoplasia has not been reported in other species.1o
Several older studies of foreign body tumorigenesis used a CBA strain mouse model impregnated with plastic vinyl chloride acetate film. There was a positive correlation with tumor incidence with regard to the degree of fibrosis in the foreign body capsulation, the chronic course of the foreign body reaction, and low inflammatory activity of the reaction. ' The naturally occurring infection of Sprague-Dawley rats with Cysticercus fasciolaris and the subsequent sarcoma development probably represents a nonspecific foreign body response with a preexistent potential for neoplasia and not an effect specifically induced by this parasite.
